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The availability of population estimates on the delivery of preventive services has traditionally been limited to standard methods of data collection through large-scale surveys (ie, National Health and Nutrition Examination Survey), analysis of claims data, or chart reviews. More recently, a growing number of researchers have recognized that the electronic health record (EHR) provides an alternative data source for tracking the delivery of recommended preventive services. 2e4 The advantages of using EHRs to track population health include accessing information more quickly and utilizing an existing data source to reduce expending additional resources for data collection. In addition, through secured information networks, patient data can be aggregated or summarized to generate rates of preventive care minimizing the risk of exposure of patient information. 5 In addition to tracking the delivery of preventive services, the use of EHRs has been associated with improving the quality of care for patients, 6e9 particularly in the primary care setting. 10e12 The Primary Care Information Project (PCIP), 13 14 a bureau of the New York City (NYC) Department of Health and Mental Hygiene was established to improve population health, targeting communities with 10% or greater Medicaid-insured or uninsured patients. PCIP has assisted small physician-owned primary care practices (defined as having 10 or fewer providers at a practice), as well as community health centers, hospital outpatient facilities, and large independent practices to adopt EHR as a means to improve the delivery of preventive care. Through a competitive procurement process, PCIP selected eClinicalWorks, a commercial EHR software vendor, to co-develop a prevention-oriented EHR that included new functionality allowing providers to measure and report their rates of preventive care. Practices adopting the eClinicalWorks version of the EHR through PCIP have patient-specific point-of-care reminders, a qualityof-care reporting tool that displays in real time a list of patients in the practice meeting guidelines for recommended preventive and health-promoting services, and the capability to automatically transmit summarized preventive care data to PCIP. Currently, PCIP represents approximately 25% of the estimated 9000 primary care providers in NYC. Providers working with PCIP serve an estimated 2 million patients, in a city of 8.4 million residents. 15 This communication describes the early results of preventive care trends across small physicianowned practices, representing approximately 60% of offices working with PCIP.
METHODS Architecture
The PCIP established an automated data transmission process, mediated by eClinicalWorks, to receive summarized data from each practice on the monthly delivery of recommended services; for many practices the transmissions do not start until a few of months after EHR implementation. Detailed individual patient records are never transmitted to PCIP and remain on the practice or vendor server. Only aggregated (count) information is transmitted to PCIP via a secure, encrypted public health information network system protocol.
Electronic reporting
The medical records adopted by practices in the project are fully functional EHR capable of capturing patient demographics, as well as longitudinal clinical information such as medical history, medications, and laboratory results. 16 In collaboration with PCIP, eClinicalWorks developed programming within the EHR to calculate the delivery of recommended services by provider and by practice. The selected recommended services incorporated into the EHR are based on the Take Care New York (TCNY) initiative, 17 the city's public health agenda to promote 10 basic areas of healthy habits people can follow to reduce preventable deaths and complications from chronic conditions. The TCNY indicators include primary and secondary prevention goals and were created to align with recommendations from Healthy People 2010 18 /2020 19 as well as National Quality Forum endorsed quality measures. However, some measures were modified in order for providers to be able to act on the information at the point of care. TCNY measures programmed into the EHR generate counts of the eligible population for a specific recommended service (denominator) and those receiving the recommended service (numerator). For each practice, performance rates for each TCNY measure are generated by the EHR. For example, in the breast cancer screening measure, the denominator would include all women 40 years of age and older who had at least one visit in the past year, and the numerator would include the subset who had a mammogram within the past 2 years.
Study population
The study population consists of 309 small independent practices (#10 providers) that adopted an EHR from August 2007 to March 2010 through PCIP. Practice characteristics such as staffing levels and patient insurance status were tabulated using selfreported data from the practice's application to join PCIP. The practices included in this study must have transmitted at least 1 month of summarized data, for at least one TCNY measure.
Statistical analyses
Longitudinal regression analyses were conducted on the monthly rates for each of the TCNY measures using the first year of transmitted data, adjusting for the autocorrelation between observations within practice. Each practice contributed a monthly longitudinal series of data with a minimum of 1 month to a maximum of 12 months of data for each measure. The dependent variable is each practice's monthly performance on the TCNY measure. In order to estimate the trend, or the average monthly change in rate, the only predictor included in the model was time (months 1e12), where 1 is the first month of transmitted data. The trend was considered significant if the p value was #0.05. For each month and measure, only data that passed data quality checks were included in the analyses. All analyses were conducted using the PROC MIXED procedure in the SAS software, V.9.2. This study was deemed by the NYC Health Department's Institutional Review Board as research not involving human subjects.
RESULTS
At the 309 practices, a total of 775 providers was included in this analysis (680 physicians, 95 medical support staff, eg, nurses and physician assistants). Practice-level characteristics are summarized in table 1. The most commonly reported specialties included internal medicine (41%), pediatrics (24%), family medicine (17%), and obstetrics and gynecology (5%). Across practices, the average time from the practice signing a PCIP agreement to EHR implementation was 6.4 months. Most practices had one to two full-time equivalent (FTE) physicians (82%); 81% of those practices did not have any medical support staff per physician FTE, while 90% reported at least one nonmedical administrative support staff per practice or over 0.1 administrative staff per physician FTE (table 1) . On average, Medicaid and uninsured patients accounted for 53% of patients seen. The average number of outpatient office visit encounters per practice was 596.6 per month, and the average total FTE per practice was 1.8. Figure 1 shows the average monthly performance rates using the first year of transmitted data for each of the TCNY measures, where month 1 is the first month of transmitted data for each practice. Table 2 shows that the starting rate for six of the 10 measures was greater than 50%; two of the measures, primary care visit (95.0%) and cholesterol control (87.8%), were higher, whereas initial rates of smoking cessation intervention (38.3%), breast cancer screening (13.6%), influenza vaccination for patients older than 50 years (24.0%) and hemoglobin A1c screening (37.0%) were lower. Estimated trends, as changes in rate per month, were generally positive (p#0.05), ranging from 0.1% for primary care visits to 2.4% increases per month for hemoglobin A1c screening. Only hemoglobin A1c control (<7%) had a significant decrease in trend corresponding to À0.5% per Figure 1 Average monthly rates of delivery recommended preventive care. EHR, electronic health record. 
gov\2010\Publications).
yStart N¼number of physician office practices contributing data in the first months of the study (month 0); End N¼number of physician office practices contributing data in the last month of the study (month 12). zp#0.05. BMI, body mass index; DM, diabetes mellitus; HbA1c, hemoglobin A1c; IVD, ischemic vascular disease; LDL, low-density lipoprotein.
month. Cholesterol control was also negative (À0.8%) but not significantly. However, for both these measures, less than half of the practices contributed data at the beginning of the study period (eg, start N<150).
DISCUSSION
This study has shown that EHRs can be used to track the delivery of recommended preventive care across small, independent primary care practices that serve primarily lowerincome patients; a population with few data currently available for assessing population health. In our summary data, early trends show significant improvements in eight out of 10 measures on the delivery of recommended services. Decreases observed for two of the control measures may have been due to increased screening rates during the study period. Across the measures, the number of patients in the denominator increased during the first year on the EHR by 30% on average, whereas the denominators more than doubled for the two control measures: cholesterol control (172%) and hemoglobin A1c control (101%). A separate study is being conducted to identify factors that are associated with increases or decreases in performance on these TCNY measures.
Unlike estimates of population health based on a sampling of patients, in which each patient represents many times more patients in the target population, this project aims to track whole segments of the population in almost real time. However, to achieve these goals, high rates of transmission on each of the measures is needed. In addition, in order for EHR to accurately tabulate rates of delivery of recommended services, providers have to become accustomed to documenting information in structured data fields linked to the capture of information used to calculate the measures. As a result of potential variation in documentation, the numerators, and sometimes the denominators, can undercount the number of patients. Observed increases in performance could be due to an actual improvement in performance, or in combination with improvements in providers appropriately documenting information in the EHR. Additional research is also being conducted to identify which measures can most reliably and accurately be tracked using EHRs.
This project has demonstrated that data transmission from small physician-owned practices in primary care settings can be used by a municipal health department on a large scale to track the delivery of recommended preventive and health-promoting services; however, the architecture currently used for data transmission has limitations. For individual practices, data transmissions can be interrupted or fail to occur due to software upgrades or other technological issues specific to the practice. PCIP is currently developing a parallel query system that would enable authorized NYC Health Department staff to run queries, in real time, against patient de-identified data from the practice EHR. Establishing a flexible query system will reduce interruptions to data transmissions by allowing PCIP to supplement and validate automatically transmitted data from practices experiencing difficulties with the automated transmissions, while minimizing the privacy and security concerns with clinical data extraction.
This study provides an early perspective on the characteristics of over 300 small practices adopting new health information technology (IT) with the potential for population health tracking. EHRs are expected to improve the efficiency of the healthcare system, 20e23 the quality of care and safety of patients.
6e9 Yet EHR adoption remains fairly low in the USA, with only approximately 13e25% of providers using a basic EHR, 24 25 and approximately 4% using a fully functional EHR, 26 with features such as electronic reminders, computerized provider order entry or drug interaction alerts. As more providers adopt EHRs and more fully integrate health IT into their daily routines, more robust assessments of factors that impact the delivery of preventive services in ambulatory primary care settings will be identified. Observed increases in the delivery of recommended preventive care within the first year of implementing EHRs were small but significant. Over time, continued increases in the performance on the TCNY measures will likely have a positive impact on overall population health. The practices assisted by PCIP are small physician-owned practices serving primarily low-income patients, a group that has historically struggled to adopt health IT. 27e36 As part of the American Recovery and Reinvestment Act of 2009, federal funds have established regional extension centers to assist physician office practices across the country in implementing EHRs and achieving the meaningful use of EHRs. 37 Despite challenges in data transmission, continued use of EHRs to track population health across primary care practices will be important in demonstrating the value of the broad adoption of health IT.
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